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Abstract Identification of fungi and the International Code of Nomenclature underpinning this process, rests 
strongly on the characterisation of morphological structures. Yet, the value of these characters to define species in 
many groups has become questionable or even superfluous. This has emerged as DNA-based techniques have 
increasingly revealed cryptic species and species complexes. This problem is vividly illustrated in the present 
study where 105 isolates of the Botryosphaeriales were recovered from both healthy and diseased woody tissues 
of native Acacia spp. in Namibia and South Africa. Thirteen phylogenetically distinct groups were identified based 
on Internal Transcribed Spacer (ITS) rDNA PCR-RFLP and translation elongation factor 1-a (TEF1-a) sequence 
data, two loci that are known to be reliable markers to distinguish species in the Botryosphaeriales. Four of these 
groups could be linked reliably to sequence data for formerly described species, including Botryosphaeria dothidea, 
Dothiorella dulcispinae, Lasiodiplodia pseudotheobromae and Spencermartinsia viticola. Nine groups, however, 
could not be linked to any other species known from culture and for which sequence data are available. These 
groups are, therefore, described as Aplosporella africana, A. papillata, Botryosphaeria auasmontanum, Dothiorella 
capri-amissi, Do. oblonga, Lasiodiplodia pyriformis, Spencermartinsia rosulata, Sphaeropsis variabilis and an un- 
described Neofusicoccum sp. The species described here could not be reliably compared with the thousands of 
taxa described in these genera from other hosts and regions, where only morphological data are available. Such 
comparison would be possible only if all previously described taxa are epitypified, which is not a viable objective 
for the two families, Botryosphaeriaceae and Aplosporellaceae, in the Botryosphaeriales identified here. The extent 
of diversity of the Botryosphaeriales revealed in this and other recent studies is expected to reflect that of other 
undersampled regions and hosts, and illustrates the urgency to find more effective ways to describe species in 
this, and indeed other, groups of fungi. 
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INTRODUCTION older names, following the rules of the International Code of 
Nomenclature for algae, fungi and plants (ICN), remains pre- 
Technological advances in DNA sequencing and accompanying dominantly reliant on morphological features. 
software to store, share and compare the emerging data, have 
revolutionised the processes underpinning the discovery and 
identification of living organisms, including the fungi (Crous 
& Groenewald 2005, Cai et al. 2011, Maddison et al. 2012). 
These advances have fundamentally changed the way that the 
identification of fungi is undertaken, and concurrently, there 
have also been far ranging changes relating to our under- 
standing of fungal diversity. It is logical that such fundamental 
changes will lead to changes in the taxonomic rules, which 
are based on approaches developed a century or more ago. 
In some cases this has already happened, such as the recent 
adoption of the ‘One Fungus One Name’ approach (Taylor 2011, 
Wingfield et al. 2012, Hibbett & Taylor 2013). Yet, in other areas, 
particularly in the case of older taxonomic names for which no 
sequence data are available, the rules have not changed. Here, 
comparisons with type specimens and descriptions linked to 


It has been estimated that fungal taxa defined based on mor- 
phology alone, often encompass at least two, but often more 
cryptic taxa, when molecular data from multiple gene regions 
are considered (Taylor et al. 2000). This is most likely an 
underestimation for many fungal taxa. For example, the Neo- 
fusiccoccum parvum—N. ribis complex (once considered to 
be a single species) has been shown to include at least seven 
cryptic taxa (Sakalidis et al. 2011), and unpublished data sug- 
gest that additional species exist in this group. Most of these 
species cannot be distinguished using traditional morphological 
characters (Pavlic et al. 2009a, b, Sakalidis et al. 2011). These 
characters are thus also not useful to link current species in the 
Botryosphaeriales to herbarium material or previous descrip- 
tions, which often include only very rudimentary morphological 
information (also see Phillips et al. 2013 for a more extensive 
discussion on this topic). This shortcoming of a taxonomic ap- 
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proach thatis reliant on morphology, relegates even a dominant 
and important group such as the Botryosphaeriales to a very 
uncertain position when seeking to understand origins, inva- 
sions, patterns of disease outbreak, ecology in native areas, 
host associations, and a suite of other critical questions. This 
study addresses an example of the problem and argues that 
surveys in new regions and including unexplored plants can 
only realistically include comparisons with species for which 
sequence data are available. 


©2014 Naturalis Biodiversity Center & Centraalbureau voor Schimmelcultures 


You are free to share - to copy, distribute and transmit the work, under the following conditions: 
Attribution: 
Non-commercial: You may not use this work for commercial purposes. 
No derivative works: You may not alter, transform, or build upon this work. 


You must attribute the work in the manner specified by the author or licensor (but not in any way that suggests that they endorse you or your use of the work). 


For any reuse or distribution, you must make clear to others the license terms of this work, which can be found at http://creativecommons.org/licenses/by-nc-nd/3.0/legalcode. Any of the above conditions can be 
waived if you get permission from the copyright holder. Nothing in this license impairs or restricts the author’s moral rights. 


156 


Persoonia — Volume 33, 2014 


Fungi belonging to the Botryosphaeriales are common endo- 
phytes, but some are also opportunistic pathogens, causing 
diseases of many woody species (Slippers & Wingfield 2007). 
They have a wide distribution and host range and typical symp- 
toms include die-back, cankers and, in severe cases, tree death. 
Yet, the ecological role and biogeographical patterns of this 
group of fungi is poorly understood in most ecosystems. This is 
surprising in light of the fact that these fungi have been known 
for almost 180 years, are dominant in many ecosystems, readily 
isolated from healthy and dead plant material and regularly ob- 
served sporulating on this material. The reason why the wealth 
of taxonomic and isolation data linked to most of these taxa 
cannot be mined to address these questions, arises from recent 
studies showing that identifications are not reliable using tra- 
ditional morphological characters of asexual and sexual forms 
(e.g. Slippers et al. 2004a, b, Pavlic et al. 2009a, b, Sakalidis 
et al. 2011, Phillips et al. 2013). While many studies on these 
fungi in recent years professed to have applied a combination of 
molecular and morphological characters to identify the species, 
a closer examination shows that they mostly rely on sequence 
data to distinguish species. Based on the delineations arising 
from analyses of sequence data, morphological characterisation 
is added to comply with regulations of the ICN. These charac- 
ters are rarely useful for distinction of subsequently discovered 
species, and it is unrealistic to believe that they will be sufficient 
for the large numbers of species yet to be discovered. Clearly 
an urgent solution is needed to characterise and name the 
large numbers of species currently being discovered through 
extended sampling and the application of modern molecular 
tools (Hibbett et al. 2011, Hibbett & Taylor 2013). 


Acacia mellifera, also known as the blackthorn, is regarded as 
one of the most valuable native trees found on cattle and game 
farms in southern Africa, but in Namibia it is threatened by a 
serious die-back disease (Holz & Schreuder 1989, Venter & 
Venter 2002). Symptoms of this disease are typical of the die- 
back that is caused by members of the Botryosphaeriales that 
were previously accommodated in the genus Botryosphaeria or 
its asexual morphs, now classified in the Botryosphaeriaceae 
(Crous et al. 2006, Slippers & Wingfield 2007, Slippers et al. 
2013). 


Reports of Botryosphaeriales from Acacia species in Africa 
have been limited until recently. A review on phytopathogens 
in South Africa by Crous et al. (2000) indicated no records of 
Botryosphaeriales on native Acacia species. Elsewhere in 
Africa, Lasiodiplodia theobromae, was reported causing a root 
disease on Acacia nilotica, which is native to Kenya (Lenné 
1992). Recent studies, however, suggest that much more di- 
versity exists on native Acacia, discovering and describing five 
new species from A. karroo from only two sites in South Africa, 
including Diplodia allocellula, Dothiorella dulcispinae, Do. 
brevicollis, Do. pretoriensis and Tiarosporella urbis-rosarum, 
together with Botryosphaeria dothidea, Diplodia pseudoseriata, 
Neofusicoccum vitifusiforme and Spencermartinsia viticola 
(Jami et al. 2012, 2013, 2014). Two species of the Botryospha- 
eriaceae have also been reported from non-native A. mearnsii 
trees from South Africa, namely L. theobromae (Stephens & 
Goldschmidt 1938, Gibson 1975, Roux & Wingfield 1997) and 
B. dothidea (Roux & Wingfield 1997, Roux et al. 1997). 


In an effort to understand the association of the Botryosphae- 
riales with native Acacia species in southern Africa, a study 
was undertaken to characterise these fungi on various Acacia 
species in Namibia and South Africa, with a special focus on 
A. mellifera. The Botryosphaeriales associated with these trees 
were initially grouped using morphological characterisation of 
the asexual morphs, PCR-RFLP groupings and comparisons 
of sequence data for the internal transcribed spacer (ITS) and 
translation elongation factor 1-a (TEF 1-a) loci. The study 


also provided an opportunity to evaluate the complications of 
undertaking such a study using traditional taxonomic tools and 
increasingly intangible taxonomic characters. Finally, possible 
solutions are suggested for dealing with such problems. 


MATERIALS AND METHODS 


Collection of samples and isolations 


Botryosphaeriales isolates were obtained from Acacia species 
during two main collection periods. The first set of isolates 
was obtained from a preliminary survey conducted in 2005 in 
the Prieska area of South Africa. The area surveyed (Libertas 
farm) is situated on the south bank of the Orange River at the 
foot of the Doringberg, Northern Cape Province, South Africa. 
Subsequently, during a second collection period, samples were 
collected from Windhoek, Dordabis, Grootfontein and Rundu 
in Namibia and Ditholo Air Force Base, near Pretoria (Gauteng 
Province) in South Africa. Acacia trees sampled in the Prieska 
area included A. erioloba, A. karroo, A. mellifera and A. tortilis. 
A total of 89 Acacia trees were sampled in the second collection 
period, of which 69 were from Namibia and 20 from Pretoria. 
Trees from Namibia included A. hebeclade (n = 5), A. karroo 
(n = 19) and A. mellifera (n = 45), while only A. mellifera (n = 20) 
was sampled in Pretoria. Both healthy branch tips and diseased 
plant material were collected. Healthy branch tips were used 
for isolations of the Botryosphaeriales existing as endophytes 
as described by Pavlic et al. (2004). Diseased plant material 
included symptoms such as lesions on branches, black pith 
in the branches, cankers, tip die-back, streaked lesions and a 
brownish black discolouration in the upper tap roots of dying 
trees. The plant material was surface disinfested with 76 % 
ethanol (v/v) and small pieces (+ 5 mm?) of symptomatic tissue 
were plated onto 2 % MEA (20 g/L Biolab Malt Extract; 15 g/L 
Biolab Agar; Biolab, Midrand, South Africa). 


Symptomatic tissue was also placed in moist chambers com- 
prised of plastic bags containing wet paper towels. The plates 
and moist chambers were incubated at room temperature. 
Isolations were done from structures produced on plant tissue 
in moist chambers and cultures were purified from the plates. 
Cultures resembling the Botryosphaeriales were identified and 
initially grouped based on their morphological characteristics 
when grown in pure culture. 


DNA isolation and PCR 


DNA was extracted from cultures using a phenol:chloroform 
DNA extraction method modified from Raeder & Broda (1985). 
Modifications were similar to those of Barnes et al. (2001) ex- 
cept that the mycelium of 7-d-old cultures was scraped from 
the medium and transferred to Eppendorf tubes (1.5 mL) and 
extraction buffer was added. The mycelium was manually 
ground with a glass rod and incubated at 60 °C for 60 min in 
a heating block. Centrifugation was done at 10 000 rom. DNA 
pellets were resuspended in 50 uL sterile SABAX water. RNAse 
(5 mg/mL) was added to DNA samples and incubated overnight 
at 37 °C to degrade residual RNA. 


Primers ITS1 and ITS4 (White et al. 1990) were used to am- 
plify the 3’ end of the 18S (small subunit) rRNA gene, ITS1, 
the complete 5.8S rRNA gene, ITS2 and the 5’ end of the 28S 
(large subunit) rRNA gene. The 3’ end of the second exon 
to the 5’ end of the last exon and two variable introns of the 
TEF1-a gene were also amplified with the primers EF1F and 
EF2R (Jacobs et al. 2004). To clarify the generic position of a 
species related to Barriopsis, Phaeobotryon and Sphaeropsis, 
the B-tubulin gene region was amplified for sequencing using 
primers Bt2a and Bt2b (Glass & Donaldson 1995) for a selected 
group of isolates. 
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PCR reaction mixtures contained 5—10 ng of genomic DNA, 
0.2 mM dNTP, 0.2 mM of each primer, 1.5 mM buffer (10 mM 
Tris-HCL, 1.5 mM MgCl,, 50 mM KCL), 2.5 U Taq DNA polymer- 
ase and was adjusted to a final reaction volume of 25 uL with 
sterile distilled water. Parameters used for the PCR reactions 
included a 2 min step at 95 °C, followed by 10 cycles of 20s 
at 94 °C, 40 s at 55 °C and 45 s at 72 °C. The 10 cycles were 
then repeated for another 30 cycles with a 5 s increase per cycle 
for the elongation step, and then a final elongation for 10 min 
at 72 °C. Amplification of the TEF1-a locus was problematic 
for some isolates for which the annealing temperatures were 
adjusted up to 68 °C and the MgCl, concentrations increased 
up to 1.6 mM. PCR products were separated by electrophoresis 
using 2 % agarose gels, stained with ethidium bromide and 
visualized under UV illumination. Size estimates were made 
using a 100 bp size marker. 


PCR-RFLP 


A PCR-RFLP test was used on the ITS amplicons to confirm 
the initial groupings of isolates based on culture morphology of 
all the isolates from Namibia. Profiles were obtained using the 
enzyme Hhal (Fermentas International Inc., Canada), which 
recognizes the same sequence as Cfol, which has been used 
before to digest the ITS amplicons (Slippers et al. 2007). Each 
PCR-RFLP reaction consisted of 20 uL PCR product, 2 uL 10x 
Buffer Tango and 1 uL enzyme (10 U/uL) (Fermentas Interna- 
tional Inc., Canada). The final reaction volume was adjusted to 
40 uL with sterile distilled water. The reaction was incubated at 
37 °C for 16 hina heating block and the enzyme was inactivated 
at 80 °C for 20 min. The products were subjected to electro- 
phoresis using a 3 % agarose gel at 60 V for 90 min, stained 
with ethidium bromide and visualized under UV illumination. 
Size estimates were made using a 100 bp size marker. 


Sequencing and phylogenetic analyses 


Thirteen isolates from the preliminary survey in the Prieska 
areas, and three representative isolates of each PCR-RFLP 
group (where possible), were used in sequence comparisons 
(Table 1). The PCR products were purified using 6 % Sephadex 
columns (1.33 g in 20 mL sterile water) (Sigma, Steinheim, 
Germany). The same primers were used as in the initial PCR 
reactions and both strands of the amplicons were sequenced. 
Reactions were performed using an ABI PRISM 3100 Autose- 
quencer (Applied BioSystems, Foster City, California, USA) and 
sequences were analysed using Sequence Navigator v. 1.0.1 
(Applied BioSystems, Foster City, California, USA). 


Sequences were compared to those of other Botryosphaeriales 
in GenBank using BLAST and related sequences were down- 
loaded. Sequences were aligned with MAFFT (Katoh et 
al. 2002) v. 5.8 (http://mafft.cbrc.jp/alignment/server/) and 
manually adjusted. Phylogenetic analyses of the sequence 
data for Maximum Parsimony (MP) and Maximum Likelihood 
(ML) were made using PAUP v. 4.0610 (Swofford 2002). For 
ML analyses, the best nucleotide substitution models for each 
dataset were found separately with Modeltest v. 3.7 (Posada 
& Buckley 2004). MP genealogies for single genes were con- 
structed with the heuristic search option (100 random taxa 
additions, tree bisection and reconstruction or TBR in PAUP). 
The uninformative characters were removed from the analyses, 
gaps were treated as fifth character and all characters were 
unordered and of equal weight. Branches of zero length were 
collapsed and all multiple, equally parsimonious trees were 
saved. The robustness of the tree(s) obtained was evaluated 
by 1 000 bootstrap replications. Congruence between the dif- 
ferent datasets was tested using the Partition Homogeneity 
Test (PHT) in PAUP (Farris et al. 1995), with the uninformative 
characters removed before analysis. Other measures such as 


tree length (TL), homoplasy index (Cl), rescaled consistency 
index (RC) and the retention index (RI) (Hillis & Huelsenbeck 
1992) were recorded. 


Morphological characteristics 


All isolates used for sequencing (Table 1) were induced to spo- 
rulate on sterilised pine needles that were placed on the surface 
of 2 % water agar (WA) at 25 °C under near UV light. Fungal 
structures were mounted on glass slides in lactic acid (75 %) 
and examined under a Zeiss Axioskop microscope and im- 
ages were captured using a HRc Axiocam digital camera and 
Axiovision v. 3.1 software (Carl Zeiss Ltd., Germany). At least 
fifty measurements were made for each diagnostic character 
per species description. The minimum, maximum, standard 
deviation (SD), mean values and the length/width (I/w) ratios 
were calculated and are presented in this study as (min-) av. 
+ std. dev. (-max). Colours were identified based on the colour 
charts of Rayner (1970). 


Growth characterisation 


To determine the growth rate of species, two to three isolates 
(7-d-old) were selected to represent each taxon (Table 1). Agar 
discs (4 mm diam), overgrown with mycelium, were placed, 
mycelium side down, at the centres of 90 mm Petri dishes that 
contained 2 % MEA. Petri dishes were incubated in the dark 
at temperatures ranging from 5 °C to 35 °C at 5 °C intervals. 
The diameters of the colonies were measured after 2 d for fast 
growing cultures and 4 d for slower growing cultures. Average 
growth rates were calculated from five replicate plates for each 
isolate and temperature. 


RESULTS 


Collection of samples, isolations and preliminary grouping 


Twenty-two cultures resembling members of the Botryosphae- 
riales were obtained from Acacia species in the Prieska area 
of the Northern Cape Province. Seventy-five isolates were col- 
lected from Acacia species in Namibia and eight from A. melli- 
fera in Pretoria. Namibian isolates could be assigned to 12 
groups based on culture morphology. Isolates from Pretoria 
were not included in these groups as they were obtained at 
a later stage. 


PCR-RFLP 


PCR produced amplicons of ~580 bp for the ITS gene region. 
PCR-RFLP profiles obtained from the Hhal digested ITS am- 
plicons identified 11 PCR-RFLP groups from the Namibian 
isolates. These results corresponded well with the groups 
that were based on culture morphology, except in the case of 
one PCR-RFLP profile that represented two different culture 
morphology groups. 


Sequencing and phylogenetic analyses 


Following PCR-RFLP groupings, a total of 20 isolates repre- 
senting the Namibian isolates were sequenced, as well as all 
eight isolates from Pretoria and all isolates from Prieska. BLAST 
searches and detailed DNA sequence comparisons were done 
on all sequences. Sequences from the Namibian, Pretoria 
and 13 of the Prieska isolates were then aligned with pub- 
lished sequences that were obtained from GenBank (Table 1), 
using MAFFT. 


All datasets best fitted the GTR model with the ITS, TEF-1a, 
B-tubulin and combined datasets having the following para- 
meters: for combined ITS and TEF-1a datasets G = 0.3510, 
| = 0.0 and for combined ITS, TEF-1a, B-tubulin datasets G = 
0.267, | = 0.0. The analyses were performed in PAUP v. 4.0610 
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. viticola 
PNB cMW25400 § viticola © 
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95/ 98 ICMP16827 Spencermartinsia sp. 
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CMW25397 S. rosulata 
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U ČBS121762 S. rosulata (2) 
91/ 97 CBS121760 S. rosulata 
CBS121761 S. rosulata 
CMW25398 S. rosulata 
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CMW36463 Do. brevicollis . 

CBS122068 Do. longicollis 

CBS122066 Do. longicollis 
82/ 71|CBS121766 Do. oblonga © 

CBS121765 Do. oblonga 
CMW36461 Do. dulcispinae 
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o iberica 
CB8115041 Do. iberica Dothiorella 
IMI63581b Do. sarmentorum 
CBS115038 Do. sarmentorum 
/|100 ~ |CMP16824 Dothiorella sp. 
| ICMP16819 Dothiorella sp. . 
CBS124908 Do. uruguayensis , 
CMW25405 Do. capri-amissi 
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74/ 98 
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2877 N. australe 


0299 N. futeum Neofusicoccum 
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S 
CBS110574 S. porosa 
90/ 99 CBS110496 S. porosa 
Fr CBS186 97 S. visci. 
CMP16818 Ad 
. citrigena F 
CMP16812 S. citrigena. Sphaeropsis 
CBS121775 S. variabilis 
CMW25423 S. variabilis 
CBS121776 S. variabilis 
CBS121774 S. variabilis 
EN 100 II 5 cupressi 
2 cupressi Ph b t n 
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— ČPČ12264 P mamane 
CMW14691 L. crassispora 
CMW13488 L. crassispora 
CBS121770 L. pyriformis 
€B8121771 L. pyriformis 8) 
ON E Ee 
. venezuelensis 4 4 A 
WAC12535 L. rubropurpurea Lasi odipl odia 
EI 2536 L. rubropurpurea 


CMW25417 L. pseudotheobromae 
97/ 92 CMW9074 L. theobromae 
91/100 ' CBS164 96 L. theobromae 
j CBS112549 D. corticola 
CBS112545 D. corticola 
82/100 CBS112553 D. mutila 
130408 D. alocellal Diplodia 
. allocellula 
30409 D. allocellula p 
30410 D. allocellula 
112555 D. seriata 
7775 D. seriata 
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CMW27094 B. fabicercianum 
CBS122069 B. ramosum 
21777 A. africana 


100/ 98 GBS! 
80/ 100 CBS121778 A. africana (12) 


LE E  Aplosporell 
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CBS121780 A. papillata 43) 
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Fig. 1 Maximum Likelihood tree of the combined dataset of ITS rDNA and TEF-1a loci sequences. Bootstrap values for ML and MP (italics) above 70 % are 
given at the nodes. Where both values were 100 %, the values are not shown but the branch is bolded. Isolates sequenced in this study are shown in bold. 
The species identified in the study are numbered 1—13, with these numbers bolded for species described in this study. The tree was rooted to Guignardia sp. 
(MUCC 684 and MUCC 685). Botryosphaeriaceae are shaded in blue and Aplosporellaceae in green. 
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Table 3 Polymorphic nucleotides from sequence data of the ITS and TEF1-a 
to show the relationship between Spencermartinsia viticola and S. rosulata. 
Polymorphisms unique to S. rosul/ata are in bold type and shaded. Isolates 
from this study are indicated in bold. 


Identity Culture no. ITS EF1-a 
27 85 49 72 203 204 245 
S. viticola CMW 25399 C T. Cc C Cc A G 
CMW 25401 c T Cc Cc Cc A G 
CBS 117006 C T Cc Cc Cc A G 
CBS 117009 C T Cc C (03 A G 
CBS 117008 C T C C Cc A G 
S. rosulata CBS 121760 T c T - T Cc T 
CBS 121761 T c T - T Cc T 


Table 4 Polymorphic nucleotides (or alleles) from sequence data of the 
ITS and TEF1-a to show the relationship between Lasiodiplodia crassispora 
and the sibling species L. pyriformis. Polymorphisms unique to L. pyriformis 
are in bold type and shaded. Isolates from this study are indicated in bold. 


Culture no. ITS EF1-a 
466 555 


Identity 


CBS121770 
CBS121771 
CMW25416 


CMW13488 
WAC12533 
WAC12534 


L. pyriformis 


L. crassispora 


4oiuH Gora 
0O00 anA 


Table 3 Sequence differences of the ITS and EF1-a gene regions to show the relationship between Botryosphaeria dothidea and B. auasmontanum. Differ- 
ences unique to B. auasmontanum are in bold type and shaded. Isolates from this study are indicated in bold. 


Identity Culture no. ITS EF1-a 
56 57 91—106 110 133-135 214-230 236-239 
B. auasmontanum CBS 121769 1 D o G sR ene ---- 
B. dothidea CMW 8000 - - GCCGCGGTTCTCCGCG Cc GGG CTCCGCATCTGGATTTT TTGT 
CBS 116742 - =- GCCGCGGTTCTCCGCG Cc GGG CTCCGCATCTGGATTTT TTGT 
CBS 116743 - =- GCCGCGGTTCTCCGCG Cc GGG CTCCGCATCTGGATTTT TTGT 
Fig. 2 Maximum Likelihood tree of the combined dataset of ITS rDNA, TEF- 99/ 100 -—— !RAN1455C Phaeobotryon cupressi 


1a and B-tubulin loci sequences for species closely related to Sphaeropsis 
variabilis. Bootstrap values for ML and MP (italics) above 70 % are given at 
the nodes. Where both values were 100 %, the values are not shown but the 
branch is bolded. Isolates sequenced in this study are shown in bold. The 
tree was rooted to Lasiodiplodia theobromae (CMW 9074 and CBS 16496). 


and confidence levels were determined with 1 000 bootstrap 
replications. For the ITS and EF datasets (TreeBASE Acces- 
sion No. 15092) were RI = 0.9229, RC = 0.5091, HI = 0.4483, 
TL = 2064, and the partition homogeneity test (PHT) on the 
datasets produced a P-value of 0.01. For the ITS, TEF-1a 
and B-tubulin datasets (TreeBASE Accession No. 15093) the 
tree statistics were RI = 0.9027, RC = 0.7607, HI = 0.1573, 
TL = 806.1. 

The phylogenetic analyses of the combined sequence data for 


the ITS and TEF1-a gene regions (Fig. 1) revealed 13 distinct 
taxa amongst the isolates collected in this study. The identified 


+ IRAN1454C Phaeobotryon cupressi 
CPC12445 Phaeobotryon mamane 
CPC12443 Phaeobotryon mamane 

IRAN1453C Barriopsis iraniana 
97/ 97 IRAN1452C Barriopsis iraniana 
CBS174.26 Barriopsis fusca 


CBS121775 Sphaeropsis variabilis 


CMW25423 Sphaeropsis variabilis 
CBS121776 Sphaeropsis variabilis 
CBS121774 Sphaeropsis variabilis 
CBS18697 Sphaeropsis visci 
CBS100163 Sphaeropsis visci 
CBS110574 Sphaeropsis porosa 
CBS110496 Sphaeropsis porosa 


ICMP16818 Sphaeropsis citrigena 
ICMP16812 Sphaeropsis citrigena 
99/ 100 T CMW7775 Diplodia seriata 


- CBS112555 Diplodia seriata 


m CBS4311 Diplodia mutila 
99/ 100 L CBS112553 Diplodia mutila 


CMW9074 Lasiodiplodia theobromae 
CBS16496 Lasiodiplodia theobromae 


species included four previously described species, namely 
Do. dulcispinae, S. viticola, L. pseudotheobromae and B. do- 
thidea (asexual morph = Fusicoccum aesculi) (Fig. 1). The 
remaining species did not match any species in GenBank, 
nor did their morphology (see below) match previous taxa 
described from these hosts or areas, and were considered to 
be undescribed taxa. These species included, two Aplosporella 
spp., a Botryosphaeria sp., two Dothiorella spp., a Lasiodip- 
lodia sp., a Neofusicoccum sp., a Spencermartinsia sp. and 
a Sphaeropsis sp. In cases where the sister clades were not 
clearly distinguished, fixed polymorphisms across the loci were 
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Fig. 3 The distribution and numbers of isolates of Botryosphaeriales identified during this study from Acacia spp. in Namibia and South Africa. 


considered. Examples included a Spencermartinsia sp. (clade 
2, Fig. 1, Table 2), a Botryosphaeria sp. (clade 11, Fig. 1, Table 
3) and a Lasiodiplodia sp. (clade 8, Fig. 1, Table 4). 


The grouping of the Sphaeropsis sp. was not clear based only 
on ITS and TEF-1a data. While ITS data grouped it with Sphae- 
ropsis, TEF-1a data grouped it with Phaeobotryon. Additional 
B-tubulin sequence data, however, confirmed the grouping with 
Sphaeropsis (Fig. 2). 

The geographic distribution of the Botryosphaeriales species 
identified in this study was mapped (Fig. 3). A number of spe- 
cies occurred at only one location. Others were found at many 
or even all of the locations considered in this study. 


Morphological characteristics 


All the isolates used in the phylogenetic analyses were included 
in the morphological comparisons. Anamorph structures were 
produced on pine needles after 2—3 weeks. No teleomorph struc- 
tures were observed and, therefore, descriptions are based only 
on the anamorphic states. The morphological characteristics of 
the isolates corresponded to groups emerging from the phylo- 
genetic analyses and details are included in the descriptions of 
isolates. A Dichomera synasexual morph was identified in one 
of the B. dothidea cultures and its morphological characteristics 
are also described. 


TAXONOMY 


DNA sequence comparisons of the isolates from Acacia spp. 
revealed the presence of nine distinct taxa in the Botryosphae- 
riales that have not previously been identified. Eight of these 
are provided with names here. In addition to phylogenetic dif- 
ferences, the species on this host can be separated from each 
other based on distinct characteristics of the asexual morph. 
These characters are, however, not useful for distinction be- 
tween many similar taxa from other regions and for which no 
sequence data are available. 


Aplosporella africana F.J.J. van der Walt, Slippers & G.J. 
Marais, sp. nov. — MycoBank MB518717; Fig. 4a 


Etymology. The name refers to the continent of Africa from which this 
genus and species was first described. 


Sexual morph unknown. Conidiomata pycnidial, separate, co- 
vered in a small number of short hyphae, subglobose, up to 365 
um diam or occasionally pyriform, up to 465 um in height, mostly 
superficial, occasionally semi-immersed or immersed. Paraphy- 
ses hyaline, filiform, aseptate, (15.5—)17—32.5(—38.5) x (1.2-) 
1.5-2.5 um (av. 24.9 x 1.9 um). Conidiogenous cells hyaline, 
holoblastic, cylindrical to ampuliform, proliferating at the same 
level to form periclinical thickenings or rarely proliferating per- 
currently to form one or two annellations, (2.5—)3.5—6.5(—7.5) 
x 1.5-3.5(—4) um (av. 5 x 2.5 um). Conidia initially hyaline be- 
coming honey coloured to brown, aseptate, ellipsoidal to 
broadly ellipsoidal, occasionally reniform, moderately thick- 
walled, granular content, smooth, occasionally slightly papillate 
apices, (10.5—)12.5-16(-19) x (5.5—)6.5—10(—13) um (av. of 
100 conidia: 14 x 8.5 um, I/w ratio 1.7). 

Culture characteristics — Mycelium blackish green-grey, 
occasionally blackish brown, effuse, with sparse mycelium. 
Thread-like growth on the edges of colonies. Reverse oliva- 
ceous black with thread-like growth at edges. Thickening of 
hyphae, chlamydospore-like, immersed in water agar. Tem- 
peratures for growth: min. 10 °C, growth rate of 18 mm/d at 
opt. 25 °C, max. 35 °C. 


Specimens examined. Namisia, Dordabis, from Acacia mellifera, fruiting 
structures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. 
van der Walt & J. Roux (PREM 59640 — holotype, culture ex-type CMW 
25424 = CBS 121777); Dordabis, from A. mellifera (PREM 59642 — paratype, 
culture ex-paratype CMW 25426 = CBS 121779); Grootfontein, from Acacia 
mellifera (PREM 59641 — paratype, culture ex-paratype CMW 25425 = CBS 
121778). 


Notes — Ten isolates were identified and described as A. afri- 
cana. Nine of these were obtained from apparently healthy 
tissue and one was from wood with streaked discolouration. 
There are substantial morphological differences between A. af- 
ricana and two related species, A. prunicola and A. yalgorensis 
(Damm etal. 2007, Taylor et al. 2009). Pycnidia and paraphyses 
of A. prunicola are much larger (up to 800 um in length and 
35-95 x 4—8 um) than those of A. africana, while the conidia 
of A. yalgorensis (av. 19.9 x 10.7 um) are larger than those of 
A. africana. Conidia of A. prunicola and A. yalgorensis are also 
hyaline at first, turning dark brown with age, which is different 
to those of A. africana that become honey to brown coloured. 
There are also no papillate apices on the conidia of A. pruni- 
cola or A. yalgorensis as are occasionally found in A. africana. 
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Aplosporella papillata F.J.J. van der Walt, Slippers & G.J. 
Marais, sp. nov. — MycoBank MB518718; Fig. 4b 


Etymology. Name refers to the papillation of the conidial apices. 


Sexual morph unknown. Conidiomata pycnidial, globose or 
spherical to subglobose, separate, covered in small amounts 
of short hyphae, up to 895 um diam, mostly semi-immersed 
or immersed and occasionally superficial. Paraphysis hyaline, 
filiform, (18—)23.5-36.5 x (1-)2-3 um (av. 30.1 x 2.2 um). 
Conidiogenous cells hyaline, holoblastic, cylindrical to ampil- 
liform, proliferating at the same level to form periclinical thick- 
enings or rarely proliferating percurrently to form one or two 
annellations, (5—)5.5—9.5(—11.5) x (1—)1.5—2.5(—3.5) um (av. 
7.4 x 2 um). Conidia initially hyaline becoming blackish brown, 
ellipsoidal to broadly ellipsoidal, occasionally reniform, ovoid 
or constricted in the middle, moderately thick-walled, granular 
content, smooth, frequently with prominent pappillate apices 
(14.5-)16-18 (—20) x (6—)6.5—9(-—11.5) um (av. of 50 conidia: 
17 x 7.6, I/w ratio 2.2). 

Culture characteristics — Mycelium effuse, dark greenish 
olive with an orange-rufous concentric zone near the edge of the 
colony, occasionally with white mycelium. Reverse buffy brown 
with blackish brown concentric zones and thread-like growth 
in the centre. Occasionally with a thickening of the hyphae, 
chlamydospore-like, immersed in water agar, blackish brown. 
Temperatures for growth: min. 10 °C, growth rate of 17.4 mm/d 
at opt. 25 °C, max. 35 °C. 


Specimens examined. SouTH Arrica, Northern Cape, Prieska, from Acacia 
tortillis, fruiting structures induced on needles of Pinus sp. on water agar, Feb. 
2005, EL van der Walt & G.J. Marais (PREM 59643 — holotype, culture 
ex-type CMW 25427 = CBS 121780); Prieska, from A. erioloba (PREM 59644 
— paratype, culture ex-paratype CMW 25428 = CBS 121781); Prieska, from 
A. erioloba (PREM 59645 — paratype, culture ex-paratype CMW 25429 = CBS 
121782). 


Notes — Aplosporella papillata is closely related to A. afri- 
cana. Conidial sizes of the two species overlap, but there are 
differences in conidial colour and shape that distinguish the two 
species morphologically. Conidia of A. africana are hyaline at 
first, turning honey to brown with age, while those of A. papillata 
turn blackish brown with age. Furthermore, conidia of A. papil- 
lata may be constricted at the middle and more of the conidia 
apical papillae compared to those of A. africana, which also 
distinguishes it from A. prunicola and A. yalgorensis, apart from 
small size differences in conidia and paraphyses. 


Botryosphaeria auasmontanum F.J.J. van der Walt, Slippers 
& G.J. Marais, sp. nov. — MycoBank MB518721; Fig. 4e 


Etymology. Name refers to the Auasberg Mountain surrounding Windhoek. 


Sexual morph unknown. Conidiomata pycnidial, ovoid to ellips- 
oidal with a flat base, up to 410 um in height, occasionally 
globose to subglobose, up to 235 um diam, separate, covered 
in mycelium, superficial or semi-immersed. Conidiogenous 
cells hyaline, holoblastic, cylindrical, 5.5—8.5(—10.5) x (1.5—) 
2-2.5(—3) um. Conidia ellipsoidal, rounded at the base and 
apex, hyaline, aseptate, (8—)8.5—11.5(—13) x (2.5-)3-—4(-5) 
um (av. of 28 conidia: 10.1 x 3.4 um, I/w ratio 3). 

Culture characteristics — Mycelium greyish olive to brownish 
olive, effuse. Reverse black to olive-brown. Temperatures for 
growth: min. 10 °C, growth rate of 9 mm/d at opt. 25 °C, max. 
35 °C. 


Specimen examined. Namisia, Windhoek, Acacia mellifera, fruiting struc- 
tures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. van 
der Walt & J. Roux (PREM 59632 — holotype, culture ex-type CMW 25413 = 
CBS 121769). 


Notes — Description is based on a single isolate from heal- 
thy tissue. Even though only one isolate was collected, obvious 


differences in morphology, host and geographical occurrence 
compared to those of known species strongly support the 
description of a unique species. There are clear morphologi- 
cal differences between B. dothidea (Slippers et al. 2004a), 
which is the species most closely related to B. auasmontanum. 
Conidiogenous cells and conidia are significantly smaller (co- 
nidiogenous cells and conidia of B. dothidea range from 6—20 
x 2—5 and 17-22 x 4—5 um, respectively). In addition, there 
was also significant sequence divergence compared to other 
species in the genus B. corticis and the closely related genus 
Cophinforma mamane (see Slippers et al. 2013, Phillips et al. 
2013). 


Botryosphaeria dothidea (Moug. ex Fr.) Ces. & De Not., Com- 
ment. Soc. Crittog. Ital. 1: 212. 1863 


= Fusicoccum aesculi Corda in Sturm, Deutschl. FI., Abt. 3, 2: 111. 1829. 


Specimens examined. Namisia, Dordabis, from Acacia mellifera, fruiting 
structures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. 
van der Walt & J. Roux (CMW 25410); Windhoek, from A. karroo (CMW 
25411); Windhoek, from A. karroo (CMW 25412 = CBS 121768). 


Notes — There were no significant differences in conidial 
morphology for the isolates collected in this study compared 
to those in previous descriptions (Pennycook & Samuels 
1985, Slippers et al. 2004a). Interestingly, dichomera-like 
conidia were observed in the cultures of some of these iso- 
lates, similar to what has previously been described in some 
isolates of B. dothidea and some Neofusicoccum spp. (Barber 
et al. 2005, Phillips et al. 2005, Crous et al. 2006, Inderbitzin 
et al. 2010). Hyaline conidia typical of F. aesculi and the 
dichomera-like conidia were observed in the same culture 
and in the same pycnidia (Fig. 4c). Buff and black masses of 
spores were visible on the pycnidia containing mostly both 
types of conidia. 


Dothiorella capri-amissi F.J.J. van der Walt, Slippers & G.J. 
Marais, sp. nov. — MycoBank MB518723; Fig. 5c 


Etymology. The name capri-amissi means ‘of the lost goat’, referring to 
the fact that Prieska, where this fungus was discovered, is a Khoisan word 
that means ‘place of the lost goat’. 


Sexual morph unknown. Conidiomata pycnidial, separate or 
occasionally aggregated into botryose clusters, covered with 
mycelium, spherical to globose, up to 370 um diam, super- 
ficial or immersed. Ostioles single, central, papillate. Conidio- 
phores reduced to conidiogenous cells. Conidiogenous cells 
hyaline, cylindrical to subcylindrical or broad lageniform, (4.5—) 
5-8.5(-10.5) x (2.5—)3—4.5(—5.5) um (av. 7 x 3.8 um), pro- 
liferating at the same level to form periclinical thickenings or 
rarely proliferating percurrently to form one or two annellations. 
Conidia initially honey coloured to brown becoming blackish 
brown, 1-septate and rarely aseptate, mostly truncated at the 
base and constricted at the septum or with a thickening at the 
base of the septum and guttulate, moderately thick-walled, 
cylindrical to ovoid or broadly ellipsoidal, occasionally fusiform 
or reniform, (21.5—)23-—26 (—26.5) x (6.5—)8.5-10.5(-—12) um 
(av. of 50 conidia: 24.5 x 9.7 um, I/w ratio 2.5). 

Culture characteristics — Mycelium dark greyish brown to 
dark greyish olive with occasional smoke-grey tuft-like growth. 
Reverse dark olive to black and irregular edges. Thickening of 
the vegetative hyphae, chlamydospore-like, blackish brown, 
intercalary, terminal and dictyosporus and found superficial and 
immersed in water agar. Temperatures for growth: min. 10 °C, 
growth rate of 10.25 mm/d at opt. 25 °C, max. 30 °C. 


Specimens examined. SoutH Arrica, Prieska, from Acacia erioloba, fruiting 
structures induced on needles of Pinus sp. on water agar, Feb. 2005, F.J.J. 
van der Walt & G.J. Marais (PREM 59626 — holotype, culture ex-type CMW 


B. Slippers et al.: Morphological taxonomy in the Botryosphaeriales 


163 


Fig. 4 Conidia of newly described species of Botryosphaeriales, as well as 
species with newly described forms; a. Ap/osporella africana; b. A. papillata; 
c. Dichomera state of Botryosphaeria dothidea; d. Dothiorella oblonga; e. B. auas- 
montanum; f. Lasiodiplodia pyriformis. — Scale bar = 10 um. 


25404 = CBS 121878); Prieska, from A. erioloba (PREM 59625 — paratype, 
culture ex-paratype CMW 25403 = CBS 121763); Prieska, from A. erioloba 
(CMW 25405). 


Dothiorella oblonga F.J.J. van der Walt, Slippers & G.J. 
Marais, sp. nov. — MycoBank MB518719; Fig. Ad 


Etymology. Name refers to the oblong conidia. 


Sexual morph unknown. Conidiomata pycnidial, separate, cover- 
ed with short hyphae, ovoid, up to 840.5 um in height or globose, 
up to 550 um diam, occasionally aggregated into botryose clus- 
ters, superficial or immersed. Ostioles single, central, papillate. 
Conidiophores reduced to conidiogenous cells. Conidiogenous 
cells hyaline, holoblastic, cylindrical to subcylindrical or broadly 
lageniform, (6—)8.5—11.5(—12.5) x (2.5—)4—4.5(—5.5) um (av. 
10 x 4.3 um), proliferating at the same level to form periclinical 
thickenings or rarely proliferating percurrently to form one or 
two annellations. Conidia honey coloured to brown, becoming 
blackish brown, aseptate or 1-septate, mostly truncate at the 
base and constricted at the septum or with a thickening at the 
base of the septum, moderately thick-walled, ovoid or oblong 
to ellipsoidal, (18.5—)23.5—27(—28) x (10—)11.5-13(-15) um 
(av. of 100 conidia: 25.5 x 12.3 um, I/w ratio 2.1). 

Culture characteristics — Mycelium greyish olive or dark 
greyish olive, concentric zone at the edge with an effuse black 
centre. Reverse dark olive to blackish brown, thread-like growth 
in the centre of the colony. Occasional thickening of the hyphae, 
chlamydospore-like, blackish brown, intercalary, terminal and 
dictyosporus and found superficial and immersed in water agar. 


Temperatures for growth: min. 10 °C, growth rate of 18.5 mm/d 
at opt. 25 °C, max. 35 °C. 


Specimens examined. Nameia, Rundu, Acacia mellifera, fruiting structures 
induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. van der Walt 
& J. Roux (PREM 59627 — paratype, culture ex-paratype CMW 25406 = CBS 
121764). — SouTH Arrica, Pretoria, Ditholo, A. mellifera, fruiting structures 
induced on needles of Pinus sp. on water agar, May 2006, F.J.J. van der Walt 
& R.N. Heath (PREM 59628 — holotype, culture ex-type CMW 25407 = CBS 
121765); Ditholo, A. mellifera (PREM 59629 — paratype, culture ex-paratype 
CMW 25408 = CBS 121766). 


Lasiodiplodia pseudotheobromae A Jl Phillips, A. Alves & 
Crous, Fung. Diversity 28: 8. 2008 


Specimens examined. Nameia, Rundu, from Acacia mellifera, fruiting struc- 
tures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. van 
der Walt & J. Roux (CMW 25417); Rundu, from A. mellifera (CMW 25418). 


Notes — This species was described in a study considering 
cryptic species in L. theobromae (Alves et al. 2008). Two iso- 
lates were obtained from healthy Acacia tissue in the present 
study. There were no substantial differences between these 
isolates and those previously described except that the para- 
physes in pycnidia from the present study were never longer 
than 45 um compared to those of 58 um described by Alves et 
al. (2008). In addition, they described a pink pigment in cultures 
grown at 35 °C, which was not seen in cultures from the present 
study. Furthermore, cultures of the previous study were able to 
grow at 10 °C, but those collected here were not able to grow 
at this temperature. 


Lasiodiplodia pyriformis F.J.J. van der Walt, Slippers & G.J. 
Marais, sp. nov. — MycoBank MB518722; Fig. 4f 


Etymology. Name refers to the ovoid to pyriform conidia. 


Sexual morph unknown. Conidiomata pycnidial, superficial, 
semi-immersed to immersed, papillate, occasionally aggre- 
gated into botryose clusters, covered in mycelium, individual 
superficial pycnidia, globose, up to 695 um diam. Paraphyses 
cylindrical, aseptate, hyaline, (27—)28.5—33.5 x 1.5—2 um (av. 
31.1 x 1.1 um). Conidiogenous cells hyaline, holoblastic, cylin- 
drical, (7—)9-16 x (2.5—)3-—6.5 um (av. 12.3 x 4.7 um). Conidia 
initially hyaline becoming sepia in colour, ovoid or pyriform to 
ellipsoidal or subglobose, thick-walled with granular content, 
rounded at apex and occasionally truncate at base, after 4 wk, 
faint longitudinal striations, aseptate, (19—)21.5—25(—28) x 
(13.5-)15.5-19.5(—21.5) um (av. of 100 conidia: 23.3 x 17.6 
um, l/w ratio 1.3). 

Culture characteristics — Columns of aerial mycelium reach- 
ing the Petri dish lid, dark greyish olive with white to smoke- 
grey tufts. Reverse dark olive to black, thread-like growth in 
the middle of the colony. Temperatures for growth: min. 15 °C, 
growth rate of 38.5 mm/d at opt. 30 °C, max. 35 °C. 


Specimens examined. Namisia, Dordabis, from Acacia mellifera, fruiting 
structures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. 
van der Walt & J. Roux (PREM 59633 — holotype, culture ex-type CMW 
25414 = CBS 121770); Dordabis, from A. mellifera (PREM 59634 — para- 
type, culture ex-paratype CMW 25415 = CBS 121771); Grootfontein, from 
A. mellifera (CMW 25416). 


Notes — This description is based on three isolates from 
the leading edges of lesions on branches. Differences between 
L. pyriformis and those species of Lasiodiplodia described by 
Burgess et al. (2006) include conidia and paraphyses. Conidia 
in L. pyriformis are significantly smaller than those of all de- 
scribed species and they also have very faint longitudinal stria- 
tions, which is unlike those of other species. The paraphyses 
in L. pyriformis were also significantly smaller and the growth 
rates of cultures were substantially more rapid than has been 
found for other species of Lasiodiplodia (Burgess et al. 2006). 
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Neofusicoccum sp. — Fig. 5a 


Sexual morph unknown. Conidiomata aggregated into botryose 
clusters, covered in mycelium, immersed or semi-immersed, 
occasionally superficial, up to 955 um diam. Conidiogenous 
cells hyaline, holoblastic, cylindrical, (6—)7.5—11(—11.5) x 2-3.5 
Um (av. 9.2 x 2.6 um). Conidia ellipsoidal to fusiform, hyaline, 
smooth, aseptate, (14.5—)17—21(—22.5) x (4.5-)5-—6(—6.5) um 
(av. of 100 conidia: 19.3 x 5.6 um, l/w ratio 3.4). 

Culture characteristics — White cottony mycelium in centre 
of colony and effuse dark olive at the edge of the colony. Re- 
verse, concentric zones, olive-buff. Temperatures for growth: 
min. 10 °C, growth rate of 15 mm/d at opt. 25 °C, max. 35 °C. 


Specimen examined. Namisia, Windhoek, from Acacia mellifera, fruiting 
structures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. 
van der Walt & J. Roux (CMW 25409). 


Notes — Only one isolate of this fungus was obtained, ori- 
ginating from healthy tissue. There were no significant mor- 
phological differences compared to the closely related species, 
N. vitifusiforme (van Niekerk et al. 2004) and Dichomera eu- 
calypti (Barber et al. 2005). 


Sphaeropsis variabilis F.J.J. van der Walt, Slippers & G.J. 
Marais, sp. nov. — MycoBank MB518720; Fig. 5b 


Etymology. Name refers to the variability in the shape of the conidia in 
this fungus. 


Sexual morph unknown. Conidiomata pycnidial, globose to 
subglobose, covered in short hyphae, superficial, immersed or 
semi-immersed, up to 390 um diam. Conidiophores reduced to 
conidiogenous cells. Conidiogenous cells hyaline, holoblastic, 
cylindrical to ampuliform, (5.5—)6—11(—16.5) x 2.5-5.5(—7.5) 
um (av. 7.3 x 3.4 um), proliferating at the same level to form 
periclinical thickenings or rarely proliferating percurrently to form 
one or two annellations. Conidia honey coloured to black brown, 
aseptate or 1—3-septate, mostly truncate at the base, smooth, 
moderately thick-walled, variable in shape ranging from cylindri- 
cal to ovoid or occasionally reniform or allantoid, occasionally 
guttulate, (24—)26.5—33.5(—37) x (8-)10.5-14(-17) um (av. 
of 140 conidia: 30 x 12.3 um, l/w ratio 2.4). 

Culture characteristics — Mycelium olivaceous to olive-buff 
or white to smoke-grey, effuse. Reverse dark olive to buffy 
olive. Occasional thickening of the hyphae, chlamydospore- 
like, blackish brown, intercalary, terminal and found superficial 
and immersed in water agar. Cultures sometimes had what 
resembles a ‘clear zone’ or effuse to very little growth at the 
centres of the colony with white tuft-like mycelial growth and 
dark olive-grey to brownish olive mycelial growth surrounding 
the ‘clear zone’, with small white tufts around the pycnidia. 
Temperatures for growth: min. 10 °C, growth rate of 19 mm/d 
at opt. 25 °C, max. 35 °C. 


Specimens examined. Namisia, Windhoek, from Acacia karroo, fruiting 
structures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. 
van der Walt & J. Roux (PREM 59637 — holotype, culture ex-type CMW 
25419 = CBS 121774); Windhoek, from A. karroo (PREM 59638 — paratype, 
culture ex-paratype CMW 25421 = CBS 121775). — Sout Arrica, Northern 
Cape, Prieska, from A. mellifera, fruiting structures induced on needles of 
Pinus sp. on water agar, Feb. 2005, F.J.J. van der Walt & G.J. Marais (PREM 
59639, culture CMW 25422 = CBS 121776); Prieska, from A. mellifera (CMW 
25423). 


Notes — The generic placementof S. variabilis amongst Phea- 
obotryon, Barriopsis and Sphaeropsis was supported only after 
the addition of B-tubulin data. This placement also makes sense 
morphologically. Sphaeropsis variabilis does not have conidia 
with both ends rounded as in Phaeobotryon, or longitudinal 
striations as in Bariopsis. Rather, the obtuse conidia with trun- 
cate bases are more typical of Sphaeropsis. 


Fig. 5 Conidia of newly described species of the Botryosphaeriaceae. 
a. Neofusicoccum sp.; b. Sphaeropsis variabilis; c. Dothiorella capria-missi; 
d. S. rosulata. — Scale bar = 10 um. 


Spencermartinsia rosulata F.J.J. van der Walt, Slippers & G.J. 
Marais, sp. nov. — MycoBank MB518724; Fig. 5d 


Etymology. Name refers to the prominent rosette-like growth pattern of 
the fungus in culture. 


Sexual morph unknown. Conidiomata pycnidial, abundant, super- 
ficial, immersed or semi-immersed, separate or aggregated 
into botryose clusters. Individual pycnidia pyriform to ovoid, 
up to 785 um in height and covered with sparse mycelium, but 
also globose, up to 580 um diam, totally covered in mycelium. 
Ostioles single, central, papillate. Conidiophores reduced to 
conidiogenous cells. Conidiogenous cells hyaline, holoblastic, 
cylindrical to subcylindrical, (4—)5—12(-—17) x (2.5-)3.5-—5 um 
(av. 8 x 4.5 um), proliferating at the same level to form periclini- 
cal thickenings or rarely proliferating percurrently to form one or 
two annellations. Conidia honey coloured to brown becoming 
blackish brown, 1-septate, to a lesser extent aseptate, mostly 
guttulate, ovoid to subcylindrical or ellipsoidal, either with a 
rounded apex and base or a rounded apex and truncate base, 
occasionally constricted at the septum, moderately thick-walled, 
smooth, (19—)21—24.2(—26.7) x (8—)10—10.5(—13) um (av. of 
157 conidia: 22.6 x 10.4 um, I/w ratio 2.2). 

Culture characteristics — Greyish olive aerial mycelium, cot- 
tony and in a rosette form with lobed areas at edges of colony, 
can also be effuse. Occasionally with vinaceous grey cottony 
areas. Reverse olivaceous black to olive-buff or olivaceous, 
lobed with circular growth in the middle of the colony. Abundant 
thickenings of the hyphae, chlamydospore-like, blackish brown: 
intercalary, terminal and dictyosporus and found superficial and 
immersed in water agar. Temperatures for growth: min 10 °C, 
growth rate of 19 mm/d at opt. 25 °C, max. 35 °C. 


Specimens examined. Namisia, Windhoek, from Acacia karroo, fruiting 
structures induced on needles of Pinus sp. on water agar, Feb. 2006, F.J.J. 
van der Walt & J. Roux (PREM 59622 — holotype, culture ex-type CMW 25389 
= CBS 121760); Grootfontein, from A. mellifera (CMW 25390); Dordabis, from 
A. mellifera (CMW 25391). — SoutH Arca, Pretoria, Ditholo, from A. melli- 
fera, fruiting structures induced on needles of Pinus sp. on water agar, May 
2006, F.J.J. van der Walt & R.N. Heath (PREM 59623 — paratype, culture 
ex-paratype CMW 25392 = CBS 121761); Ditholo, from A. mellifera (CMW 
25393); Prieska, from A. mellifera, fruiting structures induced on needles of 
Pinus sp. on water agar, Feb. 2005, F.J.J. van der Walt & G.J. Marais (PREM 
59624, culture CMW 25395 = CBS 121762); Prieska, from A. karroo (CMW 
25394); Prieska, from A. mellifera (CMW 25396, culture); Prieska, from A. tor- 
tillis (CMW 25397); Prieska, from A. tortillis (CMW 25398). 
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Notes — The DNA sequence data for this species is identi- 
cal to that of an isolate identified as a Spencermartinsia sp. 
(= Diplodia medicaginis) in MycoBank. Unfortunately, this is not 
a type isolate and the identification is uncertain. Phillips et al. 
(2008) have already linked this specimen to Spencermartinsia, 
but declined to name it. The original description of D. medicagi- 
nis, from France, differs from S. rosulata, in that it has larger 
conidia and lack constrictions at the septa. While this might 
represent intra-specific variation, there is no logical way to 
connect these taxa, and the epithet is, therefore, not used. 


Spencermartinsia viticola (A Jl Phillips & J. Luque) A.J.L. 
Phillips, A. Alves & Crous, Persoonia 21: 51. 2008 


Specimens examined. SoutH Arrica, Pretoria, Ditholo, from Acacia melli- 
fera, fruiting structures induced on needles of Pinus sp. on water agar, May 
2006, F.J.J. van der Walt & R.N. Heath (CMW 25399); Ditholo, from A. melli- 
fera (CMW 253400); Ditholo, from A. mellifera (CMW 25401); Ditholo, from 
A. mellifera (CMW 25402). 


Notes — Spencermartinsia viticola (= Dothiorella viticola) 
was described from Vitis vinifera (Luque et al. 2005, Phillips 
et al. 2008). The morphology of the isolates collected in this 
study was very similar to that described by Luque et al. (2005). 
Isolates from the present study showed distinctive and abun- 
dant thickenings of the hyphae, chlamydospore-like structures 
that were intercalary, terminal and dictyosporus and found 
superficial and immersed in water agar. Conidiomata limited, 
separate, mostly globose to ovoid, covered in mycelium, super- 
ficial, up to 460 um diam (av. 325.8 um), individual superficial 
pycnidia up to 371 um in height. Conidiogenous cells (7—)9.5— 
16 x 2—4.5(-6.5) um (av. 12.6 x 3.4 um). Conidia aseptate or 
1-septate, mostly truncate at the base and constricted at the 
septum, ovoid to subcylindrical, (16.5—)18—21(—23.5) x 8.5- 
10.5(—12.5) um (av. of 63 conidia: 19.6 x 9.9 um, I/w ratio 2). 


DISCUSSION 


This study is one of the most detailed to date considering 
fungi in the Botryosphaeriales associated with Acacia species. 
Despite the fact that it still represents only a small number of 
sites and Acacia species that occur in the area considered, it 
nevertheless revealed a rich diversity of Botryosphaeriales. 
Given the lack of resolution provided by the available morpho- 
logical characters to identify species in this family of fungi, 
most of this diversity cannot be reliably linked to taxa that 
were described from other plants and regions of the world and 
for which cultures and sequence data are not available. Thus, 
despite these shortcomings and in the interests of describing 
this diversity in a manner that allows it to be communicated 
and linked to information from future studies, the new species 
have been described. 


In this study, as in numerous other recent studies, it was not 
possible to compare species in the Botryosphaeriales based 
only on morphology and without DNA sequence data (e.g. 
Slippers et al. 2004a, Crous et al. 2006, Pavlic et al. 2009a, 
Inderbitzin et al. 2010). Morphology clearly has an important 
role in mycology; enabling us to visualize the structures that 
underpin the biology of these organisms. But it is becoming 
increasingly recognised as a suite of weak characters, when 
comparing species occurring in different environments and on 
different hosts. Once the DNA-based identifications have been 
made, the linked morphology can prove useful to group further 
isolates from Acacia in these regions, but even in such cases, 
caution is advised. For example, the sampling for the study of 
Jami et al. (2012) was conducted subsequent to the present 
study, and again revealed a substantial number of new species 
that would most likely have been overlooked if only morphologi- 


cal characteristics had been considered. Fortunately, the cost 
of DNA sequencing continues to decrease, and the capacity to 
analyse molecular data continue to increase, making it feasible 
to determine identity using an ITS barcode (Schoch et al. 2012) 
for large numbers of isolates. It is likely that in the future, most 
identifications of fungi will be made in this way and increasingly 
in the absence of morphological characters. 


The Dothiorella and Spencermartinsia species isolated in this 
study vividly illustrates the difficulties encountered with morpho- 
logical taxonomy and the application of old names. The morpho- 
logical concepts now applied to these genera have in the past 
been used for, and could have easily been confused with many 
of the more than 1 800 species in the genera Sphaeropsis and 
Diplodia (Index Fungorum; www.indexfungorum.org). Further- 
more, more than 360 names are attached to Dothiorella alone, 
but the morphological concepts as they are currently used after 
redefining the phylogenetic position of the group (Phillips et al. 
2005, 2008) have been applied to few of them. Work with these 
older names rapidly reveals that there are few options to link 
the available information and characters to taxonomic hypoth- 
eses that can currently be tested. For example, there appears 
to be little value in ecological distinctions based on host, with 
some species occurring on numerous hosts (see Sakalidis et 
al. 2013). Furthermore, morphological characteristics shared 
between cryptic sister taxa, distantly related species and even 
some genera (e.g. Dothiorella and Spencermartinsia, or Botryo- 
sphaeria and Neofusicoccum), can be virtually indistinguishable 
(e.g., Slippers et al. 2004a, Crous et al. 2006, Pavlic et al. 
2009a). Using older names justified due to an overlap of only 
some of these characters is not logically defensible. When 
overlapping host, geography and morphology data are found, 
a case (albeit still very circumstantial) might then be made to 
use an older name. In such cases it is essential that an epitype 
is designated (eg. Slippers et al. 2004a). 


Here we report at least 13 Botryosphaeriales species from these 
hosts and environments collected in South Africa and Namibia. 
Of these, eight species are described for the first time as Aplo- 
sporella africana, A. papillata, Botryosphaeria auasmontanum, 
Dothiorella capri-amissi, Do. oblonga, Lasiodiplodia pyriformis, 
Spencermartinsia rosulata and Sphaeropsis variabilis. Previ- 
ously described species include, B. dothidea, Do. dulcispinae, 
L. pseudotheobromae and S. viticola. One isolate of a possible 
new Neofusicoccum sp. was found, but it was not described 
due to the lack of sufficient evidence to clearly define it. This 
pattern of discovery of new species of the Botryosphaeriales in 
this study and that of Jami et al. (2012, 2013, 2014) is expected 
to continue as more regions are sampled. 


Three of the previously described species identified in this study, 
B. dothidea, L. pseudotheobromae and S. viticola, all have wide 
host ranges and broad geographical distributions (Slippers et al. 
2004b, van Niekerk et al. 2004, Luque et al. 2005, Alves et al. 
2008, Begoude et al. 2010, 2011, PiSkur et al. 2011). Slippers 
& Wingfield (2007) considered that some of the most damag- 
ing pathogens in the Botryosphaeriales have wide host and 
geographical distributions. In the present study, B. dothidea, 
L. pseudotheobromae and S. viticola were, however, all isolated 
from healthy material and in very low numbers. Nonetheless, 
these species should be considered in future pathology studies, 
not only due to their wide host and geographical distributions, 
but their apparent ability to move between hosts and previous 
evidence that they are pathogens (e.g. Begoude et al. 2010, 
2011, PiSkur et al. 2011). 


The predominant fungi identified from A. mellifera, a tree on 
which widescale die-back has been reported (Holz & Schreuder 
1989) were S. rosulata and S. variabilis. All the S. variabilis 
isolates were obtained from diseased material while approxi- 
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mately half of the S. rosulata isolates were from diseased tis- 
sue. Symptoms from which these fungi were isolated included 
black-discoloured pith in the branches and roots, branch and 
stem cankers, tip die-back and a brownish black discolouration 
in the upper taproots of the trees. Although their pathogenicity 
was not considered, it is possible that these fungi play a role in 
the decline of the trees and they deserve further study. 


Ten of the Botryosphaeriales species were obtained only from 
healthy or from both healthy and diseased plant tissue. Most 
of these species were present in very low numbers. Slippers 
& Wingfield (2007) found that most of the genera in the Botry- 
osphaeriales are known as endophytes, which in some cases 
dominate the endophyte community. The results of this study 
add credence to the notion that most species in the Botryospha- 
eriales are endophytic (e.g. see Dakin et al. 2010, Jami et al. 
2013, Slippers et al. 2013). In light of their common occurrence 
and in some cases dominance, it is unfortunate that their eco- 
logical role as endophytes in nature is so poorly understood. 


There was significant geographic structure to the Botryosphae- 
riales characterised in this study. A high level of diversity in the 
Botryosphaeriales was encountered at all sites sampled. The 
composition in terms of both species identity and dominance, 
however, differed between all sites. Some species had limited 
distribution, often occurring at only one site. These included 
A. papillata, B. auasmontanum, Do. capri-amissi, B. dothidea, 
Do. dulcispinae, Do. oblonga, L. pseudotheobromae, a Neo- 
fusicoccum sp. and S. viticola. The remainder of the species 
were found at multiple sites, including A. africana (3 sites), 
S. variabilis (4 sites), L. pyriformis (2 sites) and S. rosulata (5 
sites). Whether the distribution of these species is dependent 
on biological interactions (e.g. host diversity) or non-biological 
environmental factors at the sites is not clear. To realise the 
full extent of the distribution and host specificity of these fungi, 
further studies will be required that include more intensive 
sampling at specific sites and a greater number of hosts per 
site. Such studies should also specifically test hypotheses linked 
to factors influencing distribution and diversification. These 
are critical ecological and evolutionary questions pertaining 
to the Botryosphaeriales, and its answer would substantially 
promote an understanding of their potential as pathogens fol- 
lowing introduction into new areas and environmental changes. 
Whatever the underlying cause of diversification, the present 
and previous studies (e.g. Pavlic et al. 2008, Taylor et al. 2009, 
Abdollahzadeh et al. 2010, Inderbitzin et al. 2010, Perez et al. 
2010, Mehl et al. 2011, Sakalidis et al. 2011, Jami et al. 2012, 
2013, 2014) emphasise the conclusion that sampling of new 
areas is likely to continue to yield fairly large numbers of new 
species of Botryosphaeriales. 


Spencermartinsia and Dothiorella, two closely related genera, 
were the most diverse and most common genera found on na- 
tive Acacia spp. in southern Africa, in this and previous studies 
(Jami et al. 2012, 2013, 2014). This includes ten species in 
these genera, of which S. rosulata appears to be one of the 
most dominant species of the Botryosphaeriaceae on native 
Acacia spp. in southern Africa. This fungus was obtained from 
both healthy and diseased tissue from Namibia and it is the 
only species of the Botryosphaeriales that was found at all 
four sites. Spencermartinsia rosulata has not been found on 
any other hosts in the region or elsewhere, and this is despite 
extensive sampling. It is expected that many of these species 
are native to southern Africa and they represent an interest- 
ing group to consider with regards to ecology and evolution of 
Botryosphaeriales in the region. 


The conidia of B. dothidea are known to become brown and sep- 
tate in some cases, superficially resembling Dichomera conidia 
(Phillips et al. 2005). The shape of the dichomera-like conidia 


observed in one of the B. dothidea cultures in this study con- 
tradicts conclusions of Crous et al. (2006), who suggested that 
itis possible to distinguish between the genera Neofusicoccum 
and Botryosphaeria based on the morphology of their associ- 
ated dichomera-like conidia. In that study, dichomera-like 
conidia of Botryosphaeria were considered to be fusiform to 
ellipsoid, while those associated with Neofusicoccum were 
described as globose to pyriform (Crous et al. 2006). Results 
of the present study, however, show that Dichomera conidia 
of Botryosphaeria can also be globose to pyriform in shape. 
The dichomera-like conidial morphology is thus a questionable 
characteristic by which to distinguish between Botryosphaeria 
and Neofusicoccum. This is also the first report of pleomorphism 
in B. dothidea in Africa. 


Members of the Botryosphaeriales are clearly prominent and 
diverse on Acacia species in southern Africa. Studies of this kind 
emphasise the need to consider the factors underlying patterns 
related to the diversity of the Botryosphaeriales, which might 
include host, climate and geographic distribution. Furthermore, 
the relevance of these Botryosphaeriales species as pathogens 
and their potential threat to native hosts remains unclear and 
needs further consideration. In order to address such questions, 
there is an urgent need to resolve the problems arising from 
a taxonomy based on morphology in a group of fungi that is 
phylogenetic diverse yet morphological uniform. This problem is 
not restricted to the Botryosphaeriales despite the fact that more 
efficient tools for species identification have been available for 
20 years (Taylor 2011) and are now commonly accessible and 
at a lower cost than traditional tools. The threats associated 
with global climate change, increasing numbers of invasions 
and the need to more efficiently preserve and utilise natural 
resources, make it imperative that we adopt the most efficient 
methods to accurately identify and describe species. At least 
for the Botryosphaeriales, species names without attached 
sequence data has very limited and dubious value. This could 
imply that older names in this order will have to be disregarded, 
unless viable options exist to epitypify them (see also Phillips et 
al. 2013 for discussion on this topic). We propose here that this 
process of epitypification must be vigorously pursued for the 
Botryosphaeriales when exploring new hosts and new environ- 
ments. While we have continued to characterise the morphology 
of the species treated in this study, the value of this practice 
must be questioned for future studies. This is particularly true 
because it is unlikely to be used for the purpose for which it was 
originally intended, namely species identification. 
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